Introduction
============

Depression is a common comorbid complication in patients with diabetes mellitus.[@b1-ndt-8-355] The prevalence of major and minor depression in patients with type 2 diabetes is almost twice that of the general population.[@b2-ndt-8-355] The comorbidity of diabetes and depression is associated with a significantly greater mortality risk than the sum of the risk of the two diseases,[@b3-ndt-8-355] suggesting a synergistic interaction between diabetes and depression. The presence of depression frequently results in impaired metabolic control, a higher incidence of micro- and macroangiopathic diabetic late complications and decreased quality of life.[@b3-ndt-8-355]--[@b6-ndt-8-355]

There is relatively little data on the effects of antidepressant therapy on metabolic and anthropometric parameters in diabetic patients with comorbid depression.[@b7-ndt-8-355]--[@b10-ndt-8-355] A few years ago, in a pilot study,[@b11-ndt-8-355] we investigated the effect of the serotonin norepinephrine reuptake inhibitor antidepressant, milnacipran, on metabolic and psychological parameters in 64 patients with type 2 diabetes and comorbid depression. Patients received milnacipran and metformin in a 6-month open-label study. At the end of the study, 72% of patients had an antidepressant response (≥50% reduction of baseline Beck Depression Inventory score). Fasting blood glucose (FBG), glycated hemoglobin (HbA~1c~), body mass index (BMI), serum total and low-density lipoprotein (LDL)-cholesterol and triglyceride levels were all significantly decreased in these patients whereas in nonresponders to antidepressant treatment these parameters were not significantly changed.

The present study is a replication of our earlier pilot study using a similar protocol and was performed in the private practices of general practitioners and internists in a larger population.

Patients and methods
====================

All patients had a diagnosis of diabetes mellitus type 2 as defined by the diagnostic criteria of the Austrian Diabetes Association.[@b12-ndt-8-355] Comorbid depression was diagnosed according to the International Statistical Classification of Disease and Related Health Problems, 10th revision (ICD-10) criteria for depressive episode.[@b13-ndt-8-355] Exclusion criteria were contraindications for either metformin or milnacipran, or significant suicidal ideation.

ICD-10 criteria recognizes mild, moderate, and severe depressive episodes. However, patients in this study were recruited irrespective of the severity category. The severity of depression was evaluated at baseline and after 3 and 6 months of treatment using the Beck Depression Inventory Manual (BDI-II).[@b14-ndt-8-355] An antidepressant response was defined as ≥50% reduction in the baseline BDI-II score and remission as a BDI score ≤ 12.

FBG, HbA~1c~, total cholesterol, LDL-cholesterol, high-density lipoprotein (HDL)-cholesterol, serum triglycerides, blood pressure, and weight were measured at baseline and after 6 months treatment; height was measured at baseline only. Blood samples were taken after an overnight fast of 12 hours. BMI (kg/m^2^) was calculated using body weight measured to the nearest kg and height measured to the nearest cm. Other predefined metabolic parameters were also measured at 3 months (this data was incomplete for many patients and no analysis was undertaken \[data not shown\]).

Spontaneously reported adverse events were recorded at each visit
-----------------------------------------------------------------

The study was conducted at 50 investigational sites including private practice of general practitioners and internists across Austria in an open longitudinal manner. As a prospective non-interventional study complying with the Directive 2001/20/EC, article 2 and §2a of the Austrian Medical Products Act, ethics committee authorization was not required. Patient recruitment started in March 2010 and the last visit of the last patient occurred in August 2011.

Diabetes therapy was performed according to the Guidelines of the Austrian Diabetes Association[@b12-ndt-8-355] starting with metformin hydrochloride at 500 to 2000 mg/day after lifestyle adjustment failure. Antidepressant treatment with milnacipran was initiated at 25 to 100 mg/day. The initial dose and subsequent dose adjustment of both drugs was at the clinicians' discretion and based on clinical response and patient tolerance of the drugs.

### Statistical analysis

All analyses were based on patients completing the study and for whom a full data set was available at baseline and end- point. Values at baseline and end-point (6 months) for each patient were compared using a paired *t*-test. All significance values are calculated as two-tailed.

Results
=======

Two hundred forty patients were recruited into the study and had a full baseline examination. Sixty-six patients discontinued metformin and 14 patients discontinued milnacipran and dropped out of study: only nine of these dropouts were because of adverse events: principally agitation (6), insomnia (2), sweating (2), nausea (2), palpitation (1), mild hypertension (1), and dysuria (1). The only serious adverse event was the case of dysuria accompanied by urinary retention. Other reasons included symptom improvement, patient choice, or change of medication or inclusion of additional medication decided by the treating physician. One hundred sixty patients completed the study. Datasets of 25 patients were incomplete and these were thus excluded from the analysis.

[Table 1](#t1-ndt-8-355){ref-type="table"} shows the baseline demographic and clinical characteristics of the 135 patients who completed the study with a full dataset. One hundred eleven patients (82%) had never taken antidepressant medication and 77 patients (57%) had never taken antidiabetes drugs and had only lifestyle-adjustment therapy. Patients were generally overweight or obese (mean BMI = 30.8) and their glycemic control was moderate or poor ([Table 2](#t2-ndt-8-355){ref-type="table"}).

Metabolic parameters at baseline and after 6 months treatment are shown in [Table 2](#t2-ndt-8-355){ref-type="table"}. Over the duration of the study, mean values showed statistically significant improvements for FBG levels, HbA~1c~, body weight, blood pressure, BMI, total cholesterol, and serum triglycerides. The proportion of patients with HbA~1c~ \< 7% (53.0 mmol/mol) increased from 26.7% at baseline to 57.8% after 6 months treatment while the proportion of patients with HbA~1c~ \> 8% (63.9 mmol/mol) decreased from 31.9% at baseline to 11.9% at endpoint. Mean blood pressure significantly (*P* \< 0.001) decreased from 140/83 at baseline to 134/80 mmHg at the end of the study. A similar decrease was found even in the most hypertensive patients (systolic blood pressure \> 150, n = 26) who had a significant decrease (*P* \< 0.001) from 160/89 to 140/81 mmHg at the end of the study.

[Figure 1](#f1-ndt-8-355){ref-type="fig"} and [Table 3](#t3-ndt-8-355){ref-type="table"} show the improvement in BDI scores over the duration of the study. After 3 months of treatment, 38.8% of patients had responded to antidepressant treatment (≥50% reduction of baseline BDI score) and 72.6% after 6 months. There was no difference between responders and nonresponders concerning age, severity of depression, metabolic control, or BMI at baseline. At the end of the study, 78 patients (57.8%) were in remission (BDI score ≤ 12).[@b15-ndt-8-355]

Mean doses of milnacipran and of metformin administered during the study were similar for responders and nonresponders ([Table 4](#t4-ndt-8-355){ref-type="table"}).

As shown in [Table 5](#t5-ndt-8-355){ref-type="table"}, antidepressant responders and nonresponders had significant and similar improvements in FBG and HbA~1c~. In contrast, responders had significantly greater reductions in body weight, BMI, total serum cholesterol, and triglycerides compared to non-responders.

Discussion
==========

Diabetic patients with severe depressive symptoms adhere less well to diet and medication regimes than patients with less severe or no depressive symptoms.[@b16-ndt-8-355],[@b17-ndt-8-355] Several studies have shown that depression is directly associated with an increased risk of diabetic complications, including retinopathy and micro- and macrovascular complications.[@b5-ndt-8-355],[@b6-ndt-8-355]

The primary aim of the present study was to evaluate the effects of an antidepressant therapy on metabolic parameters and on depression score in diabetic patients. Our main finding was a significant reduction in fasting blood glucose and HbA~1c~ in all patients, irrespective of whether or not they responded to the antidepressant treatment. Further, we demonstrated a significant decrease in body weight, independent of the response to antidepressant treatment. However, the effect size was significantly greater in the responder group. The decline of serum lipids was associated with response to antidepressants.

Studies analyzing the effects of antidepressant therapy on metabolic control have shown variable results.[@b7-ndt-8-355],[@b8-ndt-8-355],[@b18-ndt-8-355],[@b19-ndt-8-355] In a study with sertraline, HbA~1c~ levels were reduced during treatment, but did not differ between the sertraline and placebo group.[@b7-ndt-8-355] Other studies have not found significant reductions in HbA~1c~ levels in patients treated with fluoxetine or paroxetine although depressive symptoms were significantly improved.[@b8-ndt-8-355],[@b18-ndt-8-355] Similarly, treatment with escitalopram resulted in a significant reduction of depression ratings but only a modest, nonsignificant reduction in FBG levels and HbA~1c~ levels.[@b19-ndt-8-355] With bupropion, BMI and HbA~1c~ levels decreased significantly over an acute treatment phase with the reduction of depression severity associated with lower HbA~1c~ levels.[@b20-ndt-8-355]

An integrated therapeutic approach, considering biochemical parameters such as HbA~1c~ and blood glucose on the one hand, and psychiatric disturbances on the other should be introduced into routine diabetes care. A recent study demonstrated significant improvement in HbA~1c~ and depression scores by implementation of integrated management of type 2 diabetes mellitus.[@b8-ndt-8-355]

In many cases, diabetes is diagnosed when the disease has been present for many years and the patient is already showing signs of micro and/or macrovascular complications. The choice of antidepressant medication is thus confounded by the presence of these complications and the concomitant diabetes therapy. Ideally, an antidepressant for diabetic patients should not cause weight gain and should have a low risk of interactions with the numerous medications the patient is taking. It should be devoid of any appreciable risk of hepatotoxicity and cardiovascular or blood pressure effects. It should not cause sedation or sexual dysfunction.

For this reason, we decided to use the antidepressant, milnacipran, in the initial pilot study.[@b11-ndt-8-355] In addition to a good overall tolerability,[@b21-ndt-8-355] it has been demonstrated to be weight neutral, to be free of cytochrome P450 drug interactions, to be devoid of cardiotoxicity, and to produce minimal sexual dysfunction.

The reduction in depressive symptoms throughout the present study was similar to that seen with milnacipran in the pilot study[@b11-ndt-8-355] and other studies of milnacipran in major depression,[@b22-ndt-8-355]--[@b24-ndt-8-355] which showed response rates of over 60% and remission rates in excess of 35%.

It is interesting to note that treatment with metformin and milnacipran resulted in a significant lowering of blood pressure even in the most hypertensive patients. This suggests that concerns about potential increases in blood pressure resulting from noradrenergic stimulation with milnacipran are possibly exaggerated.

In contrast to the earlier study, significant reductions in body weight and BMI were also found in patients not responding to antidepressant treatment. These reductions were however significantly smaller than those found in patients who had responded to antidepressant treatment.

The main difference between the present study and the pilot study is that in the larger cohort, significant reductions in FBG and HbA~1c~ were found in all patients irrespective of whether they responded to antidepressant treatment. The different finding in the pilot study was probably due to the small size of the nonresponder population (n = 12).

The present results are thus consistent with other data that suggest that successful treatment of depression results in a parallel improvement of at least some metabolic parameters.[@b7-ndt-8-355],[@b8-ndt-8-355],[@b18-ndt-8-355]--[@b20-ndt-8-355] Diabetes is extremely psychologically and behaviorally demanding since about 90% of diabetes management is conducted by the patient him/herself. The presence of comorbid depression can reduce motivation for self-care resulting in an unfavorable or even potentially fatal course of diabetes.[@b25-ndt-8-355] This underlines the need for diagnosis and treatment of comorbid depression. Recent evidence supports the utility for both psychosocial and pharmacological interventions for patients with diabetes and comorbid depression.[@b26-ndt-8-355]

This replication study was performed in a larger cohort than the original pilot study. Nevertheless, it has several methodological weaknesses. It was not a randomized, doubleblind design. The noninterventional nature of the study led to a large number of patients of the original cohort who were not available for analysis.

In addition, the population was heterogeneous in terms of treatment history since both patients with a history of diabetes and/or depression treatment and patients naïve to these treatments were included. Separate analysis of patients naïve to both treatments (n = 64) shows results similar to the full cohort. Because of the small numbers, however, many of the differences are not significant (data not shown).

Long-term treatment of type 2 diabetic patients with comorbid depression with metformin and milnacipran results in a clear overall improvement in both depressive symptoms and metabolic parameters. Furthermore, patients who did not respond to the antidepressant therapy did not show significant improvement in certain metabolic parameters such as total cholesterol and triglycerides despite receiving diabetes treatment as recommended by national guidelines. Weight loss was significantly greater in patients who responded to the antidepressant treatment.

The present results strongly suggest that an improvement of depressive symptoms results in a greater overall improvement of metabolic parameters, which is in agreement with earlier findings[@b18-ndt-8-355]--[@b20-ndt-8-355] including our pilot study.[@b11-ndt-8-355] It is therefore important that all diabetic patients should be screened for depression. Patients found to be suffering from comorbid depression should be treated, in addition to classical diabetes treatment, with an effective antidepressant drug such as milnacipran.

The findings of this second open-label study, which essentially replicates the earlier study, are still tentative and a randomized controlled trial needs to be undertaken.
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![Evolution of Beck Depression Inventory scores and patients responders and remitters during the study.\
**Notes:** Mean Beck Depression Inventory (BDI) scores are given as triangles connected by a blue line. Percentage of patient responders (decrease of ≥50% of baseline BDI score) and remitters (BDI score ≤ 12) are represented as orange and dark red bars respectively.](ndt-8-355f1){#f1-ndt-8-355}

###### 

Characteristics at baseline of patients completing the study

  ------------------------------- -----------------
  Patients (n)                    135
  Sex distribution: M/F (%)       61/74 (45%/55%)
  Median age: years (range)       63 (18--85)
  Naïve to depression treatment   111 (82%)
  Naïve to diabetes treatment     77 (57%)
  ------------------------------- -----------------

###### 

Metabolic parameters at baseline and after 6 months treatment with milnacipran of patients completing the study

  Parameter                 Baseline   6 months   *P*
  ------------------------- ---------- ---------- ---------
  FBG (mg/dL)               163        128        \<0.001
  HbA~1c~ (% of total Hb)   7.8        7.0        \<0.001
  HbA~1c~ (mmol/mol)        61.7       53.0       \<0.001
  Body weight (kg)          89.2       86.2       \<0.001
  BMI (kg/m^2^)             30.8       29.8       \<0.001
  BP systolic               140.3      134.2      \<0.001
  BP diastolic              82.8       79.6       \<0.001
  Total chol (mg/dL)        207        190        \<0.001
  LDL-chol (mg/dL)          120        116        NS
  HDL-chol (mg/dL)          51.6       53.3       \<0.05
  Triglycerides (mg/dL)     173        158        \<0.01

**Notes:** All values are given as the mean. *P* is the significance of the difference between baseline and 6 month values.

**Abbreviations:** FBG, fasting blood glucose; HbA~1c~, glycated hemoglobin; BMI, body mass index; BP, blood pressure; chol, cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

###### 

Evolution of Beck Depression Inventory scores throughout the study

                  Baseline   3 months   6 months
  --------------- ---------- ---------- ----------
  Total           28.9       16.9       11.5
  Responders      30.0       16.0       9.0
  Nonresponders   26.9       20.2       17.5

**Note:** Values are means of the 135 patients who completed the study with a complete dataset.

###### 

Mean doses of drugs administered throughout the study

  Metformin                Met (mg/day)                                                   
  ------------------------ ------------------- ------------------------ ----------------- ----------------------
  Responders (n = 98)      1632                1728                     1707              
  Nonresponders (n = 37)   1661                1707                     1702              
                                                                                          
  **Milnacipran**          **Miln (mg/day)**                                              
                                                                                          
                           **Days 0--7**       **Week 2 to 3 months**   **Months 3--6**   **Final evaluation**
                                                                                          
  Responders (n = 98)      47                  73                       82                80
  Nonresponders (n = 37)   48                  80                       84                83

**Abbreviations:** Miln, milnacipran; Met, metformin.

###### 

Change of metabolic and anthropometric parameters in depression responders and nonresponders during milnacipran treatment

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                      Responders\   Nonresponders\                                                                                                          
                      n = 98        n = 37                                                                                                                  
  ------------------- ------------- ---------------------------------------------------- ------ ------ ---------------------------------------------------- ------------------------------------------------
  FBG                 164           126[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}    −38    158    134[\*\*](#tfn6-ndt-8-355){ref-type="table-fn"}      −24

  HbA~1c~                                                                                                                                                   

   (%)                7.9           7.0[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}    −0.9   7.7    6.8[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}    −0.9

   (mmol/mol)         62.8          53.0[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}   −9.8   60.6   50.8[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}   −9.8

  Body weight         89.9          86.3[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}   −3.6   87.5   85.9[\*\*](#tfn6-ndt-8-355){ref-type="table-fn"}     −1.6[§§](#tfn8-ndt-8-355){ref-type="table-fn"}

  BMI                 31.2          30.0[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}   −1.2   29.8   29.3[\*\*](#tfn6-ndt-8-355){ref-type="table-fn"}     −0.5[§§](#tfn8-ndt-8-355){ref-type="table-fn"}

  Total cholesterol   212           188[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}    −24    193    193                                                  0[§§](#tfn8-ndt-8-355){ref-type="table-fn"}

  LDL                 120           116                                                  −4     119    116                                                  −3

  HDL                 51.4          52.7                                                 +1.3   52.2   55.1                                                 +2.9

  Triglycerides       180           153[\*\*\*](#tfn7-ndt-8-355){ref-type="table-fn"}    −27    157    169                                                  +12[§§§](#tfn9-ndt-8-355){ref-type="table-fn"}
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** All values are given as the mean. Units are the same as those given in [Table 2](#t2-ndt-8-355){ref-type="table"}.

*P* \< 0.01;

*P* \< 0.001 for the difference between baseline and 6-month values;

*P* \< 0.01;

*P* \< 0.001 for the difference between Δ for responders and Δ for nonresponders.

**Abbreviations:** FBG, fasting blood glucose; HbA~1c~, glycated hemoglobin; BMI, body mass index; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol.
